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Introduction {#sec005}
============

Smartphones have become a part of life for many children. Children spend more time on new media than on traditional media, and frequently use mobile devices to watch videos and for online gaming, searching, social networking, and instant messaging \[[@pone.0217235.ref001]\]. Although most Social Networking Sites (SNSs) (e.g., Facebook) state that the minimum age requirement for creating an account is 13, more children are using social networking sites (SNSs) and instant messaging. The prevalence of smartphone addiction proneness (SAP) among children and adolescents is rapidly increasing, particularly in Asian countries. A Korean study showed that 31% of middle school students had SAP \[[@pone.0217235.ref002]\]. Studies found that children's excessive use of mobile devices had negative health impacts such as dry eye disease \[[@pone.0217235.ref003]\], myopia \[[@pone.0217235.ref004]\], sleep deprivation \[[@pone.0217235.ref005]\], anxiety \[[@pone.0217235.ref006]\], problem behaviors, and lower levels of emotional intelligence \[[@pone.0217235.ref007]\].

Children and adolescents undergo stages of rapid psychosocial development. Boys and girls of the same age are at different stages of puberty development and may be vulnerable to different online activities, risks and harm. The Australian Child and Adolescent Survey showed that girls had very high levels of psychological distress and problem behaviors that were twice that for boys of the same age. These problem behaviors were associated with frequent Internet use and electronic gaming \[[@pone.0217235.ref008]\]. Prior studies have found that male students were more prone to Internet addiction, while females were more prone to smartphone addiction \[[@pone.0217235.ref009], [@pone.0217235.ref010]\]. Another study associated game apps use with smartphone addiction among males, while the use of SNSs has been associated with smartphone addiction among women \[[@pone.0217235.ref011]\].

Smartphone addiction is characterized by symptoms of compulsive behavior, withdrawal, tolerance, and functional impairment \[[@pone.0217235.ref012], [@pone.0217235.ref013]\]. However, smartphone addiction is not included in the Diagnostic and Statistical Manual for Mental Disorders (DSM-5), while Internet Gaming Disorder (IGD) has been incorporated into the DSM-5 appendix (Section 3) as requiring additional research \[[@pone.0217235.ref014]\]. Some arguments regarding smartphone addiction have addressed the need to assess use patterns and activities to explore the features of smartphone addiction. Studies have associated smartphone use patterns such as SNSs and game use with smartphone addiction \[[@pone.0217235.ref002], [@pone.0217235.ref015]--[@pone.0217235.ref017]\]. In addition, studies have associated psychological symptoms such as depression and anxiety with smartphone addiction \[[@pone.0217235.ref011], [@pone.0217235.ref018]--[@pone.0217235.ref020]\].

Studies have applied different methods to explore the features and psychophysiological effects of SAP, and debate is ongoing as to whether the descriptive term "smartphone addiction" is more appropriate than "problem smartphone use" \[[@pone.0217235.ref021]\]. Some studies have used techniques such as a telemetric approach and smartphone applications to objectively measure smartphone use, time, and activity \[[@pone.0217235.ref022]--[@pone.0217235.ref025]\], while at least one study has used wearable sensors that detect autonomic activation to measure psychophysiological effects \[[@pone.0217235.ref026]\]. Another study conducted gambling/gaming task tests and skin conductance responses and found that smartphone addiction groups displayed impairments in the decision-making process, which were similar to those found in chemical addictions \[[@pone.0217235.ref027]\].

Smartphone addiction is an emerging public health issue. The epidemic of smartphone addiction has rapidly spread from young adults and adolescents to children in many countries. Taiwan news reported a 10-year-old boy died after his parent took away his smartphone. However, Taiwan has officially recognized e-sports as an official competitive sport, while more politicians have endorsed e-sports markets. Experts and parents worry that the negative impact of these events might cause more children and adolescents to develop Internet and smartphone addictions. Studies have developed scales to measure smartphone addiction, but most of these studies are based on young adults and adolescents. Experts have criticized the different scales and cut-point values that may cause variations in the definition and features of smartphone addiction. Little research has been focused on assessing transitions in smartphone addiction among children and examining the effects of gender, use patterns and depression on smartphone addiction transitions. Latent Class Analysis (LCA) has proven to be highly useful in recent years for modeling complex behavior, while Latent Transition Analysis (LTA), a longitudinal extension of LCA, could be used to model transition patterns and developments in discrete latent variables \[[@pone.0217235.ref028]\]. This study used LTA to identify the latent statuses of SAP and transitions in SAP from 5th grade to 6th grade. Effects of gender and smartphone use patterns were also explored.

Methods {#sec006}
=======

Participants and procedures {#sec007}
---------------------------

In 2015, a total of 320,441 students attended 367 primary schools in Taipei City and New Taipei City, Taiwan. Based on the sampling frame, which was a list of schools and their student enrollments, a probability-proportionate-to-size sampling method was used to systematically draw a random sample of schools. A total of 47 schools were invited to join the survey, and 30 schools agreed to participate. Three to five classes were randomly selected from each sample school. Approval was obtained from the Institutional Review Board at National Taiwan Normal University.

Following class selection, teachers gave students consent forms to take home to parents requesting consent for their children to participate in the survey. The children also filled out a consent form to indicate their willingness to participate in this study. Researchers visited the schools to conduct a self-administered survey. A total of 2,621 fifth-grade students from 30 sample schools completed the questionnaire. The response rate was 86%.

In 2016, when the students were in the 6th grade, participating students were re-contacted to complete the same questionnaire. A total of 2,155 students completed the questionnaire in both the 2015 and 2016 surveys. About 17.8% of students dropped out of the follow-up survey, because some students refused to participate and some transferred to other schools or were absent on that day. The responses of the 2,155 students who completed both surveys were used to examine the changes and relationships between smartphone use patterns, depression, and smartphone addiction.

Instrument {#sec008}
----------

A self-administered questionnaire was developed based on previous studies \[[@pone.0217235.ref029], [@pone.0217235.ref030]\]. A group of 8 experts were invited to assess the content validity of the questionnaire. Experts reviewed the draft questionnaire and provided comments for improvement. In addition, a pilot survey was conducted at two schools that were not included in the sample schools in order to examine the students' responses to the survey and to evaluate the reliability of the data that the questionnaire would yield.

Smartphone addiction {#sec009}
--------------------

Smartphone addiction was assessed using a short-form Smartphone Addiction Inventory \[[@pone.0217235.ref031]\]. Six items of the smartphone addiction scale were chosen to assess the symptoms of smartphone addiction. For example, participants were asked whether they agreed or disagreed with statements such as the following: "I use a smartphone for a longer period of time and spend more money than I had intended (compulsive behavior);" "I feel aches and soreness in the back or eye discomfort due to excessive smartphone use (functional impairment);" "I feel restless and irritable when the smartphone is unavailable (withdrawal);" and, "I find that I have been hooking on the smartphone longer and longer (tolerance)." Children's reports of "disagree" or "strongly disagree" were coded as 1, while children's reports of "strongly agree" or "agree" were coded as 2.

Smartphone use patterns {#sec010}
-----------------------

Children were asked how many days during the past week they used a smartphone/tablet for social networking websites and/or instant messaging. The average of the responses on the two items was taken as a measure of their SNSs usage. Children were also asked how many days during the past week they used a smartphone/tablet for playing games alone and playing games with others. The average of the two responses was used to measure children's game playing.

Depression {#sec011}
----------

Depression was measured using the Center for Epidemiologic Studies Depression Scale (CES-D) \[[@pone.0217235.ref032]\]. The CES-D is a 20-item scale that evaluates the presence of depressive symptoms. Children were asked during the past week how often they experienced feelings such as the following: "I was bothered by things that don't usually bother me," and "I did not feel like eating; my appetite was poor." Response options for each item included the following: "rarely or none of the time (\<1 day)," (scored 0); "some or a little of the time (1--2 days)," (scored 1); "occasionally or a moderate amount of the time (3-- days)," (scored 2); or, "most or all of the time (5--7 days)" (scored 3). The total score of the scale ranged from 0 to 60. Cronbach's α of the CES-D scale for children was 0.88.

Controlled variables {#sec012}
--------------------

Controlled variables included parental education, family structure, and household income. Children were asked questions regarding their parental educational attainment, family structure (parental marital status: married (coded 1); divorced/separated (coded 0)), and household income (lower-income class/lower-middle income class (coded 0); and, median/upper income class (coded 1)).

Statistical analysis {#sec013}
--------------------

SAS was used to perform the statistical analysis. PROC LTA was used to identify smartphone addiction statuses based on response patterns on smartphone addiction proneness items, and to estimate the prevalence of latent statuses, and transition probabilities from 2015 (Time 1) when students were in the 5^th^ grade to 2016 (Time 2) when they were in the 6th grade. Gender was considered as a group variable. In addition, SNSs usage, smartphone gaming, depression, and three controlled variables (parents' education, family structure, and household income) were incorporated in the LTA to examine the effects of use patterns (SNSs usage and smartphone gaming) and level of depression on SAP latent statuses in the 5th grade by gender, and on transition probabilities from the 5^th^ grade to the 6^th^ grade.

Results {#sec014}
=======

Characteristics of the participants {#sec015}
-----------------------------------

Participant children included 1,367 boys (52.2%) and 1,254 girls (47.8%). About 15% of the children reported that their parents were divorced or separated, while 25% of the children reported that their household income was of the lower or lower-middle income class.

SAP latent status by gender {#sec016}
---------------------------

LTA models with two to five latent statuses were conducted to identify the SAP status number. Fit statistics, which includes the likelihood-ratio statistic G^2^, AIC and BIC, and degrees of freedom, all were cross-classified by measurement invariance imposition, and are summarized in [Table 1](#pone.0217235.t001){ref-type="table"}. Note that measurement invariance across times simply means that the interpretation of the latent statuses is identical across times, and measurement invariance across groups means that the latent statuses can be identically interpreted across groups. As the table shows, regardless of whether or not the property of measurement invariance was imposed across times or across both times and groups, models with four latent statuses all had the lowest BICs, and had AICs that were only slightly larger than those with five latent statuses, and thus provided a balance of fit and parsimony. In addition, G^2^s that were associated with the three four-status models were not statistically significantly different ($G_{1}^{2} - G_{2}^{2} = 23.48,$ df~1~−df~2~ = 24, p-value = 0.51; $G_{2}^{2} - G_{3}^{2} = 49.18,$ df~2~−df~3~ = 48, p-value = 0.57; $G_{1}^{2} - G_{3}^{2} = 72.66,$ df~1~−df~3~ = 72, p-value = 0.54). Measurement invariance across both times and groups appeared reasonable.

10.1371/journal.pone.0217235.t001

###### Model fit information for selecting the number of latent statuses of SAP.

![](pone.0217235.t001){#pone.0217235.t001g}

  Model   Measurement invariance   Number of latent statuses   G^2^          df         AIC           BIC
  ------- ------------------------ --------------------------- ------------- ---------- ------------- -------------
          Times, Groups            Two                         3944.58       8173       3980.58       4080.87
                                   Three                       3244.59       8157       3312.59       3502.02
  1                                **Four**                    **2876.86**   **8137**   **2984.86**   **3285.72**
                                   Five                        2801.88       8113       2957.88       3392.45
          Times only               Two                         3916.78       8161       3976.78       4143.92
                                   Three                       3217.09       8139       3321.09       3610.81
  2                                **Four**                    **2853.38**   **8113**   **3009.38**   **3443.95**
                                   Five                        2761.33       8083       2977.33       3579.05
          None                     Two                         3874.10       8137       3982.10       4282.96
                                   Three                       3164.25       8103       3340.25       3830.54
  3                                **Four**                    **2804.20**   **8065**   **3056.20**   **3758.21**
                                   Five                        2685.89       8023       3021.89       3957.90

Note. G^2^: Likelihood-ratio statistic, AIC: Akaike Information Criterion

BIC: Bayesian Information Criterion, Times: 2015(grade 5), 2016(grade 6)

Groups: boys, girls

Given that measurement invariance has been established, it is then legitimate to address the question of whether the prevalence of latent statuses at Time 1 are equal across groups and/or the question of whether the transition probabilities are equal across groups. [Table 2](#pone.0217235.t002){ref-type="table"} presents the model fit statistics that are associated with the four latent transition models showing different types and degrees of equivalence across groups. As shown in the table, only Model 4, assuming that transition probabilities are equal across groups in addition to measurement invariance across both times and groups, was found to be statistically insignificantly different from Model 1, which was the model assuming only measurement invariance across both times and groups ($G_{4}^{2} - G_{1}^{2} = 15.30,$ df~4~−df~1~ = 12, p-value = 0.2225). Model 5, in which the prevalence of latent statuses was constrained to be equal across gender at Time 1, and Model 6, in which both sets of parameters were constrained to be equal across gender, were both statistically significantly different from Model 1 ($G_{5}^{2} - G_{1}^{2}$ = 17.99, df~5~−df~1~ = 3, p-value = 0.0000; $G_{6}^{2} - G_{1}^{2}$ = 31.49, df~6~−df~1~ = 15, p-value = 0.0075). In addition, Model 4 also exhibited the lowest AIC value with a BIC that was only slightly larger than the lowest value. Hence, the four-status model with measurement invariance across both times and groups, and equal transition probabilities across groups was considered in the subsequent analyses.

10.1371/journal.pone.0217235.t002

###### Fit statistics for test of gender differences in latent status prevalences and transition probabilities.
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  Model   Latent Status Prevalences at Time 1 equal across gender   Transition Probabilities equal across gender   G^2^      df     AIC       BIC
  ------- --------------------------------------------------------- ---------------------------------------------- --------- ------ --------- ---------
  1       No                                                        No                                             2876.86   8137   2984.86   3285.72
  4       No                                                        Yes                                            2892.16   8149   2976.16   3210.16
  5       Yes                                                       No                                             2894.85   8140   2996.85   3280.99
  6       Yes                                                       Yes                                            2908.35   8152   2986.35   3203.64

Note. G^2^: Likelihood-ratio statistic, AIC: Akaike Information Criterion

BIC: Bayesian Information Criterion, Time 1: 2015 (grade 5)

The item-response probabilities for observing an "agree" response on each item of SAP, conditional on each of the four latent statuses, are presented in the upper portion of [Table 3](#pone.0217235.t003){ref-type="table"}. Because measurement invariance across times and groups was justified, the item-response probabilities were constrained to be equal across times and groups. Thus, only one set of these parameters is reported there. The first latent status was labeled non-SAP, because children in this status had a very low probability of reporting smartphone addiction proneness features. The second latent status was labeled tolerance because children in this status reported a high probability only of hooking on smartphones for longer periods of time. The third latent status was labeled withdrawal because children in this status tended to feel restless and irritable when the smartphone was unavailable, and, to a lesser degree, felt uneasy once stopping smartphone use for a certain period of time. The fourth latent status was labeled high SAP because children reported a high probability for every smartphone addiction proneness feature, which was more pronounced for tolerance and withdrawal features.

10.1371/journal.pone.0217235.t003

###### Item-response probabilities, prevalence of latent statuses, and transition probabilities of SAP among boys and girls.
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  ------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                  Latent status                     
  ----------------------------------------------------------------------------------------------- --------------- -------- -------- --------
  **Compulsive behavior**                                                                                                           

  I use smartphone for a longer period of time and spend more money than I had intended.          0.0423          0.3247   0.1923   0.6349

  **Functional impairment**                                                                                                         

  To use smartphone has exercised certain negative effects on my schoolwork or job performance.   0.0866          0.2816   0.2482   0.5917

  **Tolerance**                                                                                                                     

  I find that I have been hooking on smartphone longer and longer.                                0.0833          0.8462   0.4563   0.9753

  I have increased substantial amount of time using smartphone per week in recent three months.   0.0136          0.4491   0.1434   0.8259

  **Withdrawal**                                                                                                                    

  I feel restless and irritable when the smartphone is unavailable.                               0.0233          0.1373   0.7722   0.9335

  I feel uneasy once I stop smartphone for a certain period of time.                              0.0143          0.0412   0.5920   0.8742

  **Prevalence of latent statuses**                                                                                                 

  Boys                                                                                                                              

  5^th^ grade                                                                                     0.4822          0.2114   0.1835   0.1229

  6^th^ grade                                                                                     0.4063          0.2664   0.1693   0.1581

  Girls                                                                                                                             

  5^th^ grade                                                                                     0.5095          0.2698   0.1127   0.1080

  6^th^ grade                                                                                     0.4195          0.2964   0.1350   0.1490

  **Transition probabilities**\                                                                                                     
  **(Rows for 5**^**th**^ **grade, columns for 6**^**th**^ **grade)**                                                               

  Non-SAP                                                                                         0.6614          0.2063   0.0858   0.0465

  Tolerance                                                                                       0.1770          0.6063   0.0437   0.1731

  Withdrawal                                                                                      0.1867          0.1316   0.5093   0.1724

  High-SAP                                                                                        0.1274          0.1188   0.2051   0.5486
  ------------------------------------------------------------------------------------------------------------------------------------------

Note. SAP: Smartphone addiction proneness

The middle portion of [Table 3](#pone.0217235.t003){ref-type="table"} shows the prevalence of latent statuses of SAP for boys and girls, respectively. When in the 5^th^ grade, compared with girls, boys were more likely to be in high-SAP (12.3% vs. 10.8%) and withdrawal (18.4% vs. 11.3%), and less likely to be in tolerance (21.1% vs. 27.0%) and low-SAP (48.2% vs. 51.0%). Because equal transition probabilities across groups were established, [Table 3](#pone.0217235.t003){ref-type="table"} also shows that the gender difference patterns associated with each latent status remained the same when students were in the 6^th^ grade.

Transition of SAP by gender {#sec017}
---------------------------

The lower portion of [Table 3](#pone.0217235.t003){ref-type="table"} shows the transition probabilities. Because the transition probabilities were not statistically significantly different across gender, only one set of these parameters is presented. About half of the children remained at the same SAP status from 5^th^ grade to 6^th^ grade. One-fifth of those who were originally in the non-SAP status transitioned to the tolerance status (20.63%); of those originally in the tolerance status, 17.31% transitioned to the high-SAP status, whereas 17.70% transitioned to the non-SAP status; of those originally in the withdrawal status, 17.24% transitioned to the high-SAP status, whereas 18.67% transitioned to the non-SAP status; and, among those who were originally in the high-SAP status, 20.51% transitioned to the withdrawal status, while 12.74% even transitioned to non-SAP status. Overall, compared with when they were in the 5^th^ grade, in the 6^th^ grade the probability of being in the tolerance status or high-SAP status increased, whereas the probability of being in the SAP status or withdrawal status decreased.

Effects of use patterns and depression on SAP {#sec018}
---------------------------------------------

Controlling for parents' education, family structure, and household income, the effects of use patterns (SNSs usage and smartphone gaming) and depression were explored for the effect on SAP latent statuses in the 5th grade by gender, and on transition probabilities from 5^th^ grade to 6^th^ grade. However, since equal transition probabilities across gender were concluded, [Table 4](#pone.0217235.t004){ref-type="table"} presents only the results of analyses using children's SNSs usage, mobile gaming, and depression individually (Models 4.1--3) and jointly (Model 4.4) as primary covariates to predict membership in SAP latent statuses at Time 1 when students were in the 5^th^ grade. All three covariates were statistically significant predictors of SAP status for both boys and girls when assessed individually. On the other hand, when all three covariates were entered together in a model, with the effects of the other two covariates being partialed out, SNSs usage and depression remained statistically significant predictors, while mobile gaming was not due to the collinearity between SNSs usage and mobile gaming. As indicated in Model 4.4 of [Table 4](#pone.0217235.t004){ref-type="table"}, other things being equal, for boys who reported one more day of SNS usage, the odds of being in tolerance relative to non-SAP became 1.0412 times higher, and the odds of being in withdrawal relative to non-SAP were 1.0534 times higher, while the odds of being in high-SAP relative to non-SAP were 1.0626 times higher. Compared with boys, the effect of SNS usage for girls was slightly larger. Relative to non-SAP, the odds of being in tolerance were 1.1175 times higher, the odds of being in withdrawal were 1.1297 times higher, and the odds of being in high-SAP were 1.1813 times higher. The effect of depression was similar.

10.1371/journal.pone.0217235.t004

###### Odds ratios for the effects of use patterns and depression on SAP in the 5^th^ grade.
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  Odds ratios for the effects of use patterns and depression on SAP in the 5^th^ grade                                                                   
  -------------------------------------------------------------------------------------- ---- -------- -------- -------- ---- -------- -------- -------- --------
  **Model 4.1**                                                                                                                                          
  Mobile gaming                                                                          \-   1.1779   1.1479   1.2452   \-   1.1281   1.1674   1.2691   0.0000
  **Model 4.2**                                                                                                                                          
  SNSs using                                                                             \-   1.1190   1.1236   1.1744   \-   1.2460   1.2783   1.3962   0.0000
  **Model 4.3**                                                                                                                                          
  Depression                                                                             \-   1.0170   1.0466   1.0458   \-   1.0387   1.0126   1.0473   0.0000
  **Model 4.4**                                                                                                                                          
  Mobile gaming                                                                          \-   1.0741   1.0564   1.1105   \-   1.0279   1.0385   1.0751   0.9166
  SNSs using                                                                             \-   1.0412   1.0534   1.0626   \-   1.1175   1.1297   1.1813   0.0000
  Depression                                                                             \-   1.0119   1.0353   1.0330   \-   1.0082   1.0297   1.0367   0.0000

Note. N(Boy) = 1016, N(Girl) = 926

All models include parental education level, family structure, and household income as controlled variables.

Discussion {#sec019}
==========

This study identified four latent statuses of SAP: non-SAP, tolerance, withdrawal, and high-SAP. Both boys and girls had a higher prevalence of high-SAP and tolerance in the 6th grade than in the 5th grade. In either grade, boys had a higher prevalence of high-SAP and withdrawal, while girls had a higher prevalence of non-SAP and tolerance. Korean studies have found that boys have higher smartphone addiction risk behaviors \[[@pone.0217235.ref033]\], while girls tend to use mobile devices more frequently \[[@pone.0217235.ref006]\]. A German study found that girls were more prone to smartphone addiction \[[@pone.0217235.ref034]\]. Since boys and girls have different levels of puberty development, smartphone use patterns, and psychological distress prevalence, whether these factors or other determinants cause gender differences in the prevalence of SAP status will require further research. Further development and implementation of SAP prevention programs also are needed to reduce the levels of transition to more severe levels of SAP status among children.

In addition, this study found that children in high-SAP status had a more than 90% probability of reporting withdrawal and tolerance features. In another Korean study, adolescents with smartphone addiction had significantly higher scores on preoccupation, tolerance, lack of control, and withdrawal \[[@pone.0217235.ref035]\]. Other studies have also associated these features with smartphone addiction \[[@pone.0217235.ref036], [@pone.0217235.ref037]\]. These findings could provide insight for further screening and diagnostic criteria for smartphone addiction among children. The gender differences in some features of smartphone addiction suggest a need to further research other potential factors and design gender-specific intervention plans for smartphone addiction prevention among children. In addition, parents must be taught to identify whether their children have these SAP features and how to implement further preventive measures.

This study found that higher SNSs usage increased the odds of being in the other three SAP statuses relative to the non-SAP status for both genders. Prior studies have also associated greater use of SNSs with smartphone addiction among adolescents \[[@pone.0217235.ref002], [@pone.0217235.ref017]\] and among female college students \[[@pone.0217235.ref011]\]. One reason may be the high availability of smartphones to instant messaging and SNSs applications for interpersonal relationships \[[@pone.0217235.ref038]\]; whereas smartphone addiction may be part of SNS addiction \[[@pone.0217235.ref039]\]. A European study found that children who use SNSs encountered more online risks, while children with a public profile or many contacts encountered more risks \[[@pone.0217235.ref040]\]. Since SNSs (e.g., Facebook) state that the minimum age requirement for creating an account is 13, parents should talk to their children regarding the risks of SNSs and set rules to limit use in order to reduce online risks.

This study found that an increase in mobile gaming was also more likely to increase the odds of being in the other three SAP statuses relative to the non-SAP status. However, mobile gaming became an insignificant predictor when considered jointly with the use of SNSs due to the collinearity between the two covariates. Some studies have indicated that mobile gaming is a risk factor for smartphone addiction in adolescents \[[@pone.0217235.ref002]\], while at least one study associated game apps with smartphone addiction among male students \[[@pone.0217235.ref011]\]. Studies suggest that smartphone use patterns are crucial to assess and provide measures that can prevent and treat smartphone addiction \[[@pone.0217235.ref015], [@pone.0217235.ref016]\]. Clinical and public health professionals support the World Health Organization perspective of including gaming disorders in the 11th Revision of the International Classification of Diseases (ICD-11) in order to facilitate treatment and prevention \[[@pone.0217235.ref041]\]. Governments should institute comprehensive measures to prevent problematic online game use and smartphone addiction. The French government passed a law banning the use of smartphones in primary and middle schools to combat racketeering, theft, online bullying, and harassment in schools. Governments should also empower parents to implement effective strategies to prevent children's smartphone addiction.

Moreover, this study found that an increase in a child\'s depression score is a significant predictor of smartphone addiction. Other studies \[[@pone.0217235.ref011], [@pone.0217235.ref018]--[@pone.0217235.ref020]\] have also found that depression was a risk factor for smartphone addiction. One Korean study found that children with a higher social network, as determined by the quality of the relationship with their parents and the size their peer group, showed a decrease in smartphone addiction \[[@pone.0217235.ref042]\]. To prevent the transition to a higher SAP, parents should invest more time in understanding their children's online activities and the impact those activities are having on the mental health of their children. Schools should implement mental health promotion programs that will enhance children's resilience and provide consultation to help SAP children and their parents.

This study had some limitations. First, 18% of the children dropped out of the follow-up survey. Second, social desirability bias may have had an influence on the truthfulness of the reports of smartphone addiction. However, confidentiality was emphasized, and trained investigators collected the questionnaires immediately. Finally, participant children might have difficulties recalling times spent on smartphone activities and reporting psychophysiological impact through self-administered questionnaires. Note that some studies applied novel methods to explore smartphone activity and SAP features. For example, one used wearable sensors measuring autonomic activation to detect smartphone addiction features and psychophysiological impact \[[@pone.0217235.ref026]\], while others used techniques such as telemetric approaches and smartphone applications to objectively measure screen time and smartphone activity \[[@pone.0217235.ref022]--[@pone.0217235.ref025]\]. Hence, future studies might consider using these techniques to better understand smartphone addiction features and psychophysiological effects of smartphone interaction on children and other populations.

Conclusions {#sec020}
===========

This is the first study using LTA to identify the transition patterns of smartphone addiction among children. The strength of this study is that a large sample of students (2155) was surveyed in grade 5 and was followed up a year later in grade 6 to explore the effects of smartphone use patterns and depression on transitions in smartphone addiction among children. This study identified four latent statuses of SAP: about half of the children were in non-SAP status, one-fifth were in tolerance status, one-sixth were in withdrawal status, and one-seventh were in high-SAP status. Boys had a higher prevalence of high-SAP and withdrawal, while girls had a higher prevalence of non-SAP and tolerance. Of 5^th^ grade children in non-SAP status, 21% had transitioned to tolerance by the 6^th^ grade; 9% had transitioned to withdrawal; and, 5% had transitioned to high-SAP. Both boys and girls had a higher prevalence of high-SAP and tolerance in the 6^th^ grade than in the 5^th^ grade. Controlling for parents' education, family structure, and household income, for both boys and girls a higher rate of SNSs usage, mobile gaming and depression was individually associated with an increase in the odds of being in one of the three SAP statuses other than non-SAP. When all three covariates were jointly incorporated into the model, SNSs usage and depression remained significant predictors. Children's SNSs usage and depression increased the risks of smartphone addiction.
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